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(54) Process for producing titanium oxide 

(57) A process for producing a titanium oxide which 
comprises (i) a step of calcining a titanium compound in 
the presence of ammonia gas or (ii) steps of treating a 
titanium compound with heat in the presence of ammo- 



nia gas and calcining the heat-treated titanium com- 
pound. The titanium oxide obtained exhibits a sufficient- 
ly high photocatalytic activity under irradiation by visible 
light. 
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Description 

FIELD OF THE INVENTION 

5 [0001 ] The present invention relates to a process for producing a titanium oxide, specifically a process for producing 
a titanium oxide exhibiting a photocatalytic activity. 

BACKGROUND OF THE INVENTION 

w [0002] Light irradiation to a photocatalyst generates electrons having a strong reduction activity and positive holes 
having a strong oxidation activity, to decompose a molecular species that comes in contact with the photocatalyst by 
an oxidation-reduction activity. Such an activity is called a photocatalytic activity. By the photocatalytic activity, NO x in 
the atmosphere is decomposed, bad-smelling substances, molds or the like in a living or working space are decom- 
posed and removed, and environmental pollution substances such as organic solvents, agrochemicals and surfactants 

15 in water are decomposed and removed. In these days, a photocatalyst exhibiting the photocatalytic activity by irradiation 
of visible light has been researched from the point of general purpose and usage. It has been known that a certain 
titanium oxide can be utilized for such a photocatalyst. 

[0003] Some processes for producing a titanium oxide exhibiting the photocatalytic activity have been proposed. For 
example, PCT International Application Laid-Open No. W098/23374 discloses that a titanium oxide is treated in a 
20 microwave low-temperature plasma method so that a titania with a carbon deposit is formed thereon. In this method, 
however, there are problems in that a specific apparatus having a vacuum vessel such as a microwave low-temperature 
plasma generator is needed and the process thereof is complicated. 



25 
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SUMMARY OF THE INVENTION 



[0004] The objects of the present invention is to provide a process for easily producing a titanium oxide that shows 
sufficiently high photocatalytic activities by irradiation of visible light without utilizing a specific apparatus having a 
vacuum vessel. 

[0005] The present inventors have studied on such a titanium oxide As a result, the present inventors have found 
30 that the titanium oxide can be easily produced by a process comprising a step of calcining a titanium compound under 
a specific condition, and have completed the present invention. 

[0006] Thus, the present invention provides a process for producing a titanium oxide which comprises (i) a step of 
calcining a titanium compound in the presence of ammonia gas or (ii) steps of treating a titanium compound with heat 
in the presence of ammonia gas and calcining the heat-treated titanium compound. 



DETAILED DESCRIPTION OF THE INVENTION 



[0007] A titanium oxide in the present invention is produced by a process which comprises (i) a step of calcining a 
titanium compound in the presence of ammonia gas or (ii) steps of treating a titanium compound with heat in the 

40 presence of ammonia gas and calcining the heat-treated titanium compound. 

[0008] Examples of the titanium compound used in the present invention include titanium hydroxides, titanic acids, 
other inorganic titanium compounds, organic titanium compounds, partially hydrolyzed inorganic titanium compounds 
and partially hydrolyzed organic titanium compounds. The partially hydrolyzed titanium compounds may be obtained 
by hydrolyzing the corresponding titanium compounds with smaller amount of water (which may be in a liquid state or 

45 vapor state) than that in a stoichiometric amount. 

[0009] Examples of the titanium hydroxides and titanic acids include titanium hydroxide (II) (Ti(OH) 2 ), titanium hy- 
droxide (III) (Ti(OH) 3 ), titanium hydroxide (IV) (Ti(OH) 4 ), titanium oxyhydroxide (TiO(OH) 2 ), a -titanic acid (ortho-titanic 
acid (H 4 Ti0 4 )), p-titanic acid (meta-titanic acid (H 2 Ti0 3 )) and the like. Examples of other inorganic titanium compounds 
include titanium trichloride, titanium tetrachloride, titanium tetrabromide, titanium sulfate, titanium oxysulfate and the 

50 like. Examples of organic titanium compounds include tetra-alkoxy titanium compounds such as tetra-isopropoxy ti- 
tanate, tetra-n-butoxy titanate, tetrakis(2-ethylhexyloxy) titanate and tetrasteariloxy titanate ; titanium acylate com- 
pound; titanium chelate compounds such as di-isopropoxy-bis(acetylacetonato) titanium complex, isopropoxy(2-ethyl- 
1 ,3-hexandiorato) titanium complex , hydroxy-bis(lactato) titanium complex ; and the like. 

[0010] In the present invention the titanium hydroxides and the partially hydrolyzed organic titanium compounds are 
55 preferably used as the titanium compound. It is preferred that the titanium compound contains that having an amorphous 
phase. The more a rate containing amorphous titanium compound increases, the higher photocatalytic activity the 
resulting titanium oxide tends to exhibit when radiated with visible light. The ratio of the amorphous titanium compound 
to the whole titanium compound is measured in an X-ray diffraction method. The titanium hydroxide containing that of 
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an amorphous phase may be obtained by hydrolyzing the above-described other inorganic titanium compound, the 
organic titanium compound or the like. 

[0011] When a titanium hydroxide is utilized as the titanium compound in the present invention, it is preferred that 
the titanium hydroxide contains nitrogen or a nitrogen compound. When the titaniumhydroxide containing nitrogen or 

5 the nitrogen compound in a larger amount is utilized, the resulting titanium oxide tends to exhibit a higher photocatalytic 
activity. The amount of nitrogen, the nitrogen compound or the like : which is contained in the titanium hydroxide , may 
be preferably about 0.2 % by weight, more preferably about 1 % by weight, much more preferably about 2.5 % by weight 
in terms of nitrogen atom based on the titanium hydroxide. The amount of nitrogen, the nitrogen compound or the like 
may be measured by a melting method using a nitrogen analyzer. 

10 [0012] The titanium hydroxide containing nitrogen or the nitrogen compound may be obtained in a method of adding 
an alkaline compound such as ammonia solution (ammonia water) or an alkali hydroxide into a titanium oxysulfate 
solution to precipitate a titanium hydroxide, or in a method of adding water or ammonia solution into a titanium chloride, 
to hydrolyze the titanium compound. 

[0013] The titanium compound used in the present invention may be obtained after a mold processing. Examples of 
is the shape of such a molded titanium compound include powdery shape, fibrous shape, thin-layer shape and the like. 
When the molded titanium compound having a designated shape formed by the mold processing is utilized in the 
present invention, the resulting titanium oxide exhibits sufficiently high photocatalytic activity as well as it has a desig- 
nated shape. For example, when a fibrous-shaped titanium compound is used, a fibrous-shaped titanium oxide is 
provided. When a thin-layer-shaped titanium compound is used, a thin-layer-shaped titanium oxide is provided. 
20 [0014] Alternatively, the above-described mold processing may be conducted in a method of dispersing a titanium 
compound in a solvent such as water or an alcohol to obtain a slurry, applying the slurry onto an uneven surface of a 
metal plate and drying the slurry. By such a method, a titanium hydroxide haying a specific shape or a thin-layered 
shaped titanium hydroxide having a specific surface can be obtained. 

[0015] In the case that an ammonia gas is present in calcinating a titanium compound, the ammonia gas may be 
25 allowed to be present by a method in which the titanium compound is treated with heat in the present of an ammonia 
gas and then calcined in a nitrogen atmosphere or in air orby a method in which a compound which generates ammonia 
in calcination is allowed to come in contact with a titanium hydroxide before and/or in calcining the titanium hydroxide, 
or by a method in which an ammonia gas is introduced into a calcination furnace while calcining thetitanium compound. 
[0016] When a titanium compound is treated with heat in the presence of ammonia gas before calcining the titanium 
30 compound, such a heat treatment may be carried out by heating the titanium compound at a temperature of about 50 
°C or higher, preferably about 100 °C or higher, and at a temperature of about 200 °C or lower, preferably about 150 
°C or lower. In the heat treatment, a suitable content of ammonia in the ammonia-containing gas may vary depending 
on a temperature for the heat treatment, a kind of titanium compound to be treated and the like. The content may be 
about 1% by volume or more, preferably about 10% by volume or more and more preferably about 30% by volume or 
35 more. 

[0017] The heat treatment may be conducted in a method of introducing an ammonia gas into a reaction vessel 
charged with a titanium compound, followed by heating, or in a method of charging a reaction vessel with a titanium 
compound and a compound which generates ammonia in calcinations, followed by heating. When a titanium chloride, 
a titanium bromide, an organic titanium compound or the like is used in the present invention, the heat treatment is 

40 preferably conducted in the presence of steam. Stream may be introduced into the reaction vessel during the heat 
treatment or may be generated during the heat treatment by evaporating an ammonia solution, which has been put in 
the reaction vessel before the heat treatment. The titanium compound to be treated with heat may have a fibrous shape. 
[0018] Examples of the compound which generates ammonia in calcination, which is utilized before and/or in the 
calcinig step, or in the heat treatment, include ammonia solution (NH 4 OH) ; an ammonium compound such as ammo- 

45 nium sulfate, ammonium chloride, ammonium carbonate, ammonium nitrate, ammonium phosphate, ammonium 
acetate ; urea ; a titanium-containing ammonium compound such as basic titanium ammonium sulfate ((NH 4 ) 2 S0 4 ) • 
TiOS0 4 ). Among them, ammonia solution or ammonium sulfate is preferably used. 

[0019] When a titanium hydroxide comes in contact with ammonia solution before calcination, such a contact of 
titanium hydroxide with ammonia solution may be carried out in a method of immersing the titanium hydroxide into 

so ammonia solution, or in a method of spraying the titanium hydroxide with ammonia solution. A content of ammonia in 
the ammonia solution may be about 1% by weight or more, preferably about 5% by weight or more based on the 
ammonia solution. A temperature in the contact may be about 0 °C or higher, preferably about 50 °C or higher, and 
about 200 °C or lower, preferably about 100 °C or lower The contact step of the titanium hydroxide with ammonia 
solution is preferably conducted in a sealed-type pressure reaction vessel in order to prevent the ammonia content 

55 from decreasing due to the evaporation of ammonia in ammonia solution. 

[0020] When a titanium hydroxide comes in contact, before and/or in the calcining step , with the compound which 
generates ammonia in calcination, an amount of ammonia-generating compound to be used may be about 0.1% by 
weight or more, preferably about 0.3% by weight or more, more preferably about 1 % by weight or more, and may be 
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about 1 0% by weight or less, preferably about 5% by weight or less in terms of nitrogen atom in the ammonia-generating 
compound based on the titanium hydroxide substantially containing no water. The titanium hydroxide substantially 
containing no water may be obtained by drying the titanium hydroxide (with which the ammonia-generating compound 
comes in contact) at 70 °C. 

5 [0021] A temperature for the calcination of titanium compound may be about 300 °C or higher, preferably about 350 
°C or higher, and about 600 °C or lower, preferably about 500 °C or lower. When the calcination temperature is too 
high, the resulting titanium oxide obtained after the calcination may exhibit a low photocata lytic activity. 
[0022] When the titanium compound is calcined without the heat treatment in the presence of ammonia gas, the 
calcination of titanium compound may be conducted in the presence of ammonia gas. In this case, the calcination is 

10 conducted in an atmosphere of ammonia-containing gas which has an ammonia content of about 0.1% by volume or 
more. In the atmosphere of ammonia-containing gas, a content of nitrogen oxide may be about 100ppm or less, pref- 
erably about 50ppm or less in terms of NOx. 

[0023] The calcination of titanium compound may be conducted by a method in which a titanium compound is treated 
with heat in the presence of ammonia gas in a reaction vessel, the ammonia gas is discharged therefrom and then the 

15 titanium compound is calcined in the vessel, or by a method in which a titanium compound is treated with heat in the 
presence of ammonia gas in a reaction vessel, the titanium compound is recovered therefrom after cooling and then 
the obtained titanium compound is calcined in another vessel, or by a method in which a slurry containing a titanium 
hydroxide and ammonia solution is prepared, the ammonia solution is removed from the slurry by filtration or centrif- 
ugation to obtain titanium hydroxide, followed by drying and then the dried titanium hydroxide is calcined with a furnace 

20 such as an electric furnace. Alternatively, the calcination of titanium compound may be conducted by a method in which 
an ammonia-containing gas is introduced into a calcination furnace which has been charged with a titanium compound 
and then the temperature of the furnace is raised to a prescribed temperature and the prescribed temperature is main- 
tained to calcine the titanium compound, or by a method in which a calcination furnace which has been charged with 
a titanium compound is heated to a prescribed temperature while introducing an ammonia-containing gas therein and 

25 the prescribed temperature is maintained to calcine the titanium compound. In these methods, the temperature may 
be raised at a rate of 1 00°C/h or more, preferably 200°C/h or more. 

[0024] The titanium oxide obtained in the present invention may have a crystal structure of anatase crystal I in ity. The 
titanium oxide having anatase crystallinity exhibits a superior photocatalytic activity by irradiation of visible light. The 
titanium oxide, as it is or after a mold processing, can be used for a photocatalyst which is applied for decomposing 
30 NO x in the atmosphere; decomposing and removing bad-smelling substances, molds or the like in a living or working 
space and; decomposing and removing environmental pollution substances such as organic solvents, agrochemicals 
and surfactants in water. 

[0025] Also, the titanium oxide obtained in the present invention exhibits a high photocatalytic activity by irradiation 
of visible light and has various types of shapes and, therefore, the titanium oxide can meet requirements for catalytic 

35 materials in a household electric field, a construction field, an automobile field and the like. For example, when an air- 
purifier filter is made from the fibrous titanium oxide obtained in the present invention, then the filter prevents the 
titanium oxide from dropping off from the filter to keep its high photocatatytic activity for a long period of time. 
[0026] As described above, in accordance with the present invention, the titanium oxide exhibiting a high photocat- 
alytic activity by irradiation of visible light is easily produced from a titanium compound. 

40 [0027] The process for producing the titanium oxide in the present invention is described in Japanese application 
nos. 2000-098704 filed on March 31 , 2000, 2000-098706 filed on March 31 , 2000, 2000-1 221 26 filed on April 24, 2000 
and/or 2000-176519 filed on June 13, 2000, the complete disclosures of which are incorporated herein by reference. 

EXAMPLES 

45 

[0028] The present invention is described in more detail by following Examples , which should not be construed as 
a limitation upon the scope of the present invention. 

[0029] A crystal structure of titanium hydroxide or titanium oxide was obtained as follows: 

[0030] An X-ray diffraction spectrum of sample titanium hydroxide or titanium oxide was measured using an apparatus 
so of X-ray diffractometer (trademark: RAD- MA made by RIGAKU CORPORATION) under the following conditions. 



X-ray tubular bulb 


Cu 


Tube voltage 


40 kV 


Tube electricity 


35 mA 


Divergent slit 


1 degree 


Scattering slit 


1 degree 


Light receiving slit 


0.30 mm 
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(continued) 



Sampling width 


I 0.020 degree 


Scanning speed 


| 2.00 degree / min. 


Measuring integration frequency 


| 1 time 



[0031 ] The photocatalytic activity of titanium hydroxide by irradiation of visible light was evaluated using acetaldehyde 
by measuring a concentration of carbon dioxide, that is the oxidation decomposition product of acetaldehyde. The 
measurement was conducted as follows: 

10 [0032] In a sealed-type glass reaction vessel made of Pyrex (diameter: 8 cm, height: 10 cm, volume : about 0.5 L), 
was placed a 5-cm diameter glass Petri dish on which 0.3g of sample titanium oxide. The reaction vessel was filled 
with a mixed gas having a volume ratio of oxygen to nitrogen of 1/4 (i.e. oxygen : nitrogen = 1:4), sealed with acetal- 
dehyde in an amount which is prescribed for each Example and Comparative Example and then irradiated with visible 
light from outside of the vessel. The irradiation was carried out using a 500 W xenon lamp as the light source (made 

15 by USHIO INC. , trade name; Optical Modulex SX-UI500XQ, lamp; UXL-500SX) equipped with an ultraviolet cutting 
filter (made by Toshiba Glass Co.. Ltd.. trade name: Y-45) cutting off ultraviolet light having a wavelength of about 
430nm or shorter and an infrared cutting filter (made by USHIO INC., trade name: Supercold Filter) cutting off infrared 
light having a wavelength of about 830nm or longer. When acetaldehyde is decomposed by visible light irradiation, 
carbon dioxide is generated. The generated carbon dioxide concentration was measured with passage of time using 

20 a photoacoustic multi-gas monitor (type: 1312, made by INNOVA). Using the change of carbon dioxide concentration, 
the generation rate of carbon dioxide was calculated. A higher generation rate of carbon dioxide reveals a higher 
photocatalytic activity of titanium oxide for acetaldehyde decomposition. 



Example 1 



[0033] In 133.2 g of 2-propanol (manufactured by Wako Pure Chemical Industries, Ltd.), was dissolved 57.7 g of 
tetra-isopropoxy titanate (manufactured by Wako Pure Chemical Industries, Ltd.). Into the resulting solution, was added 
a mixture of 7.4 g of water and 64.2 g of 2-propanol while stirring to perform a hydrolysis of tetra-isopropoxy titanate 
at a room temperature. The resulting mixture was dried with an evaporator to obtain a titanium hydroxide. The titanium 

30 hydroxide had a particulate shape and amorphous phase. 

[0034] In a sealed-type pressure tank made of stainless steel, were placed a stainless steel Petri dish on which 1 g 
of the above-obtained titanium hydroxide and another stainless steel Petri dish on which 18 g of 10% by weight of 
ammonia solution (ammonia water). After sealed, the tank was heated to 110°C and maintained at 110°C for 10 hours 
to treat the titanium hydroxide with heat. During the heat treatment, the ammonia concentration in the tank was 47 % 

35 by volume. 

[0035] Into an aluminous crucible, was placed 0.5 g of the heat-treated titanium hydroxide. And then the crucible 
was placed in a box-type electric furnace. The temperature of furnace was raised to 300°C at a rate of 200°C/hour 
and maintained at 300°C in air for 2 hours. And then, the temperature was raised to 350°C at a rate of 200°C/hour 
and further maintained at 350°C for 1 hour so as to calcine the titanium hydroxide therein to obtain a titanium oxide. 
40 After cooling, the titanium oxide was recovered. The obtained titanium oxide had a particulate shape and a crystal 
structure of anatase type. 

[0036] The photocatalytic activity of the obtained titanium oxide was evaluated using 1 3.4 u.mol of acetaldehyde. As 
a result, a generation rate of carbon dioxide was 19.2 |j.mol/h per gram of the titanium oxide. 

45 Example 2 

[0037] A titanium oxide was obtained in the same method as in Example 1 except that the temperature of heat- 
treatment was changed to 70 °C. During the heat treatment, the ammonia concentration in the tank was 2 % by volume. 
[0038] The photocatalytic activity of the obtained titanium oxide was evaluated using 1 3.4 ujnol of acetaldehyde. As 
50 a result, a generation rate of carbon dioxide was 8.97 jxmol/h per gram of the titanium oxide. 

Example 3 

[0039] In 1480 g of 2-propanol, was dissolved 6010 g of tetra-isopropoxy titanate was dissolved. Into the resulting 
55 solution, was added 701 g of water while stirring to perform a partial hydrolysis of tetra-isopropoxy titanate to obtain a 
polytitanoxane solution . The 2-propanol in the polytitanoxane solution was replaced with tetrahydrof uran. The resulting 
solution was concentrated to prepare a spinning solution. The spinning solution was extruded through a nozzle having 
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a diameter of 50 urn, followed by hauling off at a haul-off rate of 70 m/min to obtain a fibrous precursor for titanium 
oxide. The obtained precursor was treated with heat in the same manner as in Example 1 . 

[0040] Into an aluminous crucible, was placed 0.5 g of the heat-treated fibrous precursor for titanium oxide. The 
crucible was placed in a box-type electric furnace. The temperature of furnace was raised to 370°C at a rate of 200°C 
5 /hour and maintained at 370°C in air for 2 hours. And then, the temperature was raised to 420°C at a rate of 200°C/ 
hour and further maintained at 420°C for 1 hour so as to calcine the precursor to obtain a titanium oxide. After cooling, 
the titanium oxide was recovered. The obtained titanium oxide had a fibrous shape and a crystal structure of anatase 
type. 

[0041] The photocatalytic activity of the obtained titanium oxide was evaluated using 13.4 jxmol of acetaldehyde. As 
10 a result, a generation rate of carbon dioxide was 12.3 umol/h per gram of the titanium oxide. 

Comparative Example 1 

[0042] p-Titanium hydroxide (2.5g)(manufactured by Kishida Chemical Co,, Ltd., structure: an amorphous type and 
15 an anatase crystalline, nitrogen content: 0.2 % by weight in terms of nitrogen atom) was calcined in the air at 400°C 
for 1 hour to obtain titanium oxide. The obtained titanium oxide had a crystal structure of anatase type. 
[0043] 'The photocatalytic activity of the obtained titanium oxide was evaluated using 13.4 u,mol of acetaldehyde. As 
a result, a generation rate of carbon dioxide was 0.93 ujnol/h per gram of the titanium oxide. 

20 Example 4 

[0044] The same processes as in Example 1 were conducted to obtain a particulate titanium hydroxide. 
[0045] A stainless steel reaction vessel was charged with 1 g of the obtained titanium hydroxide and 18 g of 1 0% by 
weight of ammonia solution. After mixing, a titanium hydroxide slurry was prepared. In a sealed-type pressure tank 
25 made of stainless steel, were placed the stainless steel reaction vessel in which the titanium hydroxide slurry had been 
prepared. After sealed, the tank was heated to 70°C and maintained at 70°C for 1 0 hours to conduct a contact-treatment 
between the titanium hydroxide and ammonia solution. After that, the slurry was filtered and the resulting wet cake 
thus obtained was dried. 

[0046] The dried cake (0.5 g) was calcined in the same manner as in Example 1 to obtain a particulate titanium oxide. 
30 The titanium oxide had a crystal structure of anatase type. 

[0047] The photocatalytic activity of the obtained titanium oxide was evaluated using 1 3.4 jxmol of acetaldehyde. As 
a result, a generation rate of carbon dioxide was 27.9 u,moI/h per gram of the titanium oxide. 



35 



Example 5 



[0048] A titanium oxide was obtained in the same method as in Example 4 except that the temperature of contact- 
treatment between the titanium hydroxide and ammonia solution was changed from 70°C to 110°C. The titanium oxide 
had a particulate shape and a crystal structure of anatase type. 

[0049] The photocatalytic activity of the obtained titanium oxide was evaluated using 1 3.4 ujmol of acetaldehyde. As 
40 a result, a generation rate of carbon dioxide was 26.6 u,mol/h per gram of the titanium oxide. 

Example 6 

[0050] A titanium oxide was obtained in the same method as in Example 4 except that the temperature of contact- 
's treatment between the titanium hydroxide and ammonia solution was changed from 70°C to 20°C. The titanium oxide 
had a particulate shape and a crystal structure of anatase type. 

[0051] The photocatalytic activity of the obtained titanium oxide was evaluated using 13.4 umol of acetaldehyde. As 
a result, a generation rate of carbon dioxide was 19.7 u,mol/h per gram of the titanium oxide. 

50 Example 7 

[0052] Into a 0.5-L flask, was placed 80 g of water and then 20 g of titanium oxysulfate (manufactured by Soogawa 
Rikagaku, Ltd., trade name; titanium oxysulfate) was also placed while stirring to dissolve the titanium oxysulfate. To 
the resulting solution, was added dropwise 22.6 g of a 25% ammonia solution (Special grade, manufactured by Wako 
55 Pure Chemical Industries, Ltd.) over about 20 seconds at a room temperature to precipitate a solid. The solid was 
recovered by filtration, washed and dried to obtain a titanium hydroxide . The titanium hydroxide had a amorphous 
phase. Using a nitrogen analyzer (manufactured by HORIBA Ltd, trade mane: EMGA-2800), the nitrogen content in 
the obtained titanium hydroxide was measured under the following conditions. As a result, the nitrogen content was 
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3.3 % by weight in terms of nitrogen atom. 
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5 



Crucible 

Standard sample 



Sample weight 
Detector 

Extraction temperature (electric power) 
Melted metal 



1 mg 

heat conduction type 
5750 W 

Ni 0.8g + Sn 0.5 g 

Manufactured by MECHANICAL CARBON ind. Co., Ltd. 

silicon nitride (powdery type, provided by The CERAMIC SOCIETY of 

JAPAN) 



[0053] The obtained titanium hydroxide (2.00 g) was calcined in air at 400°C to obtained a calcined product (1 .56 g). 
[0054] Into another 2.00 g of the obtained titanium oxide (non-calcined), was added 0.34 g of aqueous ammonium 
sulfate solution (30% by weight, containing 0.022 g of nitrogen in terms of nitrogen atom). After mixing, the resulting 

15 mixture was dried to obtain a dried mixture. 

[0055] Into an aluminous crucible, was placed 1 g of the dried mixture. The crucible was placed in a box-type electric 
furnace. The temperature of furnace was raised to 400°C at a rate of 200°C/hour and maintained at 400°C in air for 1 
hour to obtained a titanium oxide. After cooling, the titanium oxide was recovered. The obtained titanium oxide had a 
particulate shape and a crystal structure of anatasc type. 

20 [0056] The photocatalytic activity of the obtained titanium oxide was evaluated using 1 3.4 u,mol of acetaldehyde. As 
a result, a generation rate of carbon dioxide was 79.9 |xmol/h per gram of the titanium oxide. 



25 [0057] Into 2.00 g of p-titanium hydroxide (manufactured by Kishida Chemical Co., Ltd., structure: an amorphous 
type and a anatase crystalline, nitrogen content: 0.2 % by weight in terms of nitrogen atom), was added 0.34 g of 
aqueous ammonium sulfate solution (30% by weight, containing 0.022 g of nitrogen in terms of nitrogen atom). After 
mixing with a mortar, the resulting mixture was dried to obtain a dried mixture. The dried mixture was calcined in the 
same manner as in Example 7 in which the temperature of furnace was raised to 400°C at a rate of 200°C/hour and 

30 maintained at 400°C in airfor 1 hour, to obtained a titanium oxide. The obtained titanium oxide had a crystal structure 
of anatase type. 

[0058] The photocatalytic activity of the obtained titanium oxide was evaluated using 1 3.4 ujtioI of acetaldehyde. As 
a result, a generation rate of carbon dioxide was 11 .9 u.mol/h per gram of the titanium oxide. 

35 Example 9. 

[0059] Into 6.00g of commercially available titanium hydroxide (manufactured by Kishida Chemical Co., Ltd., trade 
name; (i-titanium hydroxide, structure: an amorphous type and an anatase crystalline, nitrogen content: 0.2 % by weight 
in terms of nitrogen atom), was added 46 g of aqueous ammonium chloride solution (13 % by weight, containing 1 .57 
40 g of nitrogen in terms of nitrogen atom). After mixing, the resulting mixture was dried. The resulting diried mixture was 
calcined in the same manner as in Example 7 in which the temperature of furnace was raised to 400°C at a rate of 
200°C/hour and maintained at 400°C in air for 1 hour, to obLain a titanium oxide. The obtained titanium oxide had a 
particulate shape and a crystal structure of anatase type. 

[0060] The photocatalytic activity of the obtained titanium oxide was evaluated using 1 3.4 u,mol of acetaldehyde. As 
45 a result, a generation rate of carbon dioxide was 4.6 |imol/h per gram of the titanium oxide. 

[0061] Separately, a commercially available titanium hydroxide (6.00g) (manufactured by Kishida Chemical Co., 
Ltd.), that is the same titanium hydroxide as used above in this Example, was calcined at 400°C in air without adding 
an aqueous ammonium chloride solution to obtain 4.76 g of titanium oxide. 

so Comparative Example 2 

[0062] A photocatalytic activity of a commercially available titanium oxide (0.3g)(manufactured by Degussa, trade 
name: P-25) was evaluated using 13.4 ujnol of acetaldehyde. As a result, a generation rate of carbon dioxide was 0.0 
|imol/h per gram of the titanium oxide. 

55 

Example 10 

[0063] Into a 300 ml flask, was placed 25 g of titanium tetrachloride (Special grade, manufactured by Wako Pure 
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Chemical Industries, Ltd.). Into the flask, was added dropwise 36 g of a 25% ammonia solution (Special grade, man- 
ufactured by Wako Pure Chemical Industries , Ltd.) over about 5 minutes under cooling with ice while stirring in air to 
perform a hydrolysis of titanium tetrachloride and precipitate a solid. The solid was recovered by filtration, washed and 
dried to obtain an amorphous titanium hydroxide. 
5 [0064] The obtained titanium hydroxide was placed in an electric furnace. The temperature of furnace was raised to 
400°C at a rate of 200°C/hour while continuously introducing a gas having an ammonia content of 0.5 % by volume, 
which had been prepared by introducing air into 25% ammonia solution at a ratio of 1 LVmin followed by aeration. The 
temperature of furnace was maintained at 400°C for 1 hour to calcine the titanium hydroxide therein, so that a particulate 
titanium oxide was obtained. 

to [0065] The photocatalytic activity of the obtained titanium oxide was evaluated using 4.5 jimol of acetaldehyde . As 
a result, a generation rate of carbon dioxide was 1 .81 ujnol/h per gram of the titanium oxide. 

Comparative Example 3 

15 [0066] A titanium hydroxide obtained in the same manner as in Example 10 was placed in an electric furnace. The 
temperature of furnace was raised to 400 C C at a rate of 200°C/hour and maintained at 400°C for 1 hour to calcine the 
titaniumhydroxide therein, so that a particulate titanium oxide was obtained. 

[0067] The photocatalytic activity of the obtained titanium oxide was evaluated using 4.5 |imol of acetaldehyde. As 
a result, a generation rate of carbon dioxide was 0.11 (imol/h per gram of the titanium oxide. 

Claims 

1 . A process for producing a titanium oxide which comprises (i) a step of calcining a titanium compound in the presence 
25 of ammonia gas or (ii) steps of treating a titanium compound with heat in the presence of ammonia gas and calcining 

the heat-treated titanium compound. 

2. A process according to claim 1 , wherein the titanium compound is treated with heat in the presence of ammonia 
gas before the calcination of the titanium compound. 

30 

3. A process according to claim 1, wherein the titanium compound is a titanium hydroxide and a compound which 
generates ammonia during calcination is allowed to come into contact with said titanium hydroxide before and/or 
during calcination of the titanium hydroxide. 

35 4. a process according to any one of claims 1 to 3, wherein the calcination is conducted at a temperature of from 
about 300°C to about 600°C. 

5. A process according to any one of claims 1 to 4, wherein the titanium oxide has an amorphous phase. 

40 6. A process according to claim 2, wherein the heat treatment is conducted in the presence of steam. 

7. A process according to claim 2 or 6, wherein the titanium compound to be treated with heat has a fibrous shape. 

8. A process according to claim 3, wherein the compound which generates ammonia during calcination is ammonia 
^5 or ammonia solution. 

9. A process according to claim 3, wherein the compound which generates ammonia during calcination is an ammo- 
nium compound. 

50 10. A process according to claim 3, 8 or 9, wherein the amount of the compound which generates ammonia during 
calcination is from about 0.1% by weight to about 10% by weight in terms of nitrogen atoms in the ammonia- 
generating compound based on the titanium hydroxide containing substantially no water. 
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